A combination of 9,10-dimethyl-1,2-benzanthracene (DMBA) application and excisional wounding on the lingual tips of Syrian Golden hamsters (Mesocricetus auratus) induces dysplastic and malignant mucosal lesions. Papillomavirus genusspecific antigen and viral particles, measuring 55 nm in diameter, were demonstrated in the nuclei of squamous cells of dysplastic lesions showing koilocytotic change. In this study, we cloned a circular genome at a single KpnI site from one of these dysplastic lesions. The genomic sequence of this clone, consisting of 7647 bp, was shown to be that of a novel papillomavirus with a conserved genomic organization. We named the new virus
Introduction
A variety of studies on in vivo carcinogenesis have used the potent chemical carcinogen 9,10-dimethyl-1,2-benzanthracene (DMBA). Malignant tumour formation induced by DMBA in the oral mucosa in Syrian Golden hamsters (Mesocricetus auratus) (Salley, 1954 ; Morris, 1961 ; Silverman & Shklar, 1963) is one of the best known models for studying events involved in carcinogenesis of squamous cell epithelium, particularly the augmentation of chemical carcinogenic activity by other cocarcinogenic influences. Although altered expression of cellular proto-oncogenes has been reported (Husain et al., 1989 ; Wong et al., 1989) , no virus association has been demonstrated in this process.
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Fax j81 3 5285 1189. e-mail tiwasaki!nih.go.jp hamster oral papillomavirus (HOPV). All dysplastic lesions induced by this combination of DMBA application and excisional wounding contained viral DNA. Although Southern blot hybridization analysis could not detect the HOPV genome, PCR analysis demonstrated the latent HOPV genome in the tongue and skin of an untreated hamster. These results suggest that latently present HOPV genome is reactivated by the DMBA/wounding procedures. Lingual HOPV infection may be an important model for gaining insight into the interactions between papillomavirus infection, chemical carcinogens and physical irritations in carcinogenesis or malignant transformation. Maeda & Kameyama (1986) developed a highly reproducible carcinogenesis model by combining DMBA application and excisional wounding of the hamster lingual mucosa. In this model, dysplastic or malignant mucosal lesions are observed only around the site of excision and DMBA application. Histologically, these lesions exhibit koilocytosis indicative of papillomavirus infection, and the nuclei of some dysplastic cells are positive for papillomavirus genus-specific antigen (GSA) (Maeda et al., 1989) . Furthermore, viral particles resembling papillomavirus, measuring 50-55 nm in diameter, have been detected in the nuclei (Suzuki, 1986) .
In this study we demonstrated the presence of a novel hamster papillomavirus in these dysplastic lesions. We succeeded in the molecular cloning and sequencing of this viral genome. In addition, we also revealed, by PCR, the presence of a latent viral genome in untreated hamster tissues, suggesting that the administration of chemical carcinogen resulted in the reactivation of virus replication. 
Methods

Induction of tumours in animals.
We induced the dysplastic lingual lesions by a previously described protocol which has been reviewed and approved by the animal use committee (Maeda et al., 1989) . The lingual tips of 3-week-old outbred Syrian Golden hamsters were painted three times a week with DMBA (0n5 % solution in acetone) for 4 weeks. The middle portion of the lingual tip, 2 mm in longitudinal thickness, was then excised under anaesthesia. Thereafter, the tips were painted daily with DMBA until the animals were sacrificed.
Histological and immunohistochemical examination. The tongue tissues were fixed in 10 % buffered formalin and embedded in paraffin. Paraffin sections were stained with haematoxylin and eosin for histological examination, and were also subjected to immunohistochemical staining by the ABC method reported previously . Briefly, after deparaffinization, the sections were incubated with anti-bovine papillomavirus rabbit serum (B580, Dako), which recognizes the GSA of the major capsid protein of papillomavirus, followed by incubation with biotinylated anti-rabbit IgG antibody, and then ABC-peroxidase solution (Vector Laboratories). Enzyme activity was assayed in diaminobenzidine solution with hydrogen peroxide.
Southern blot hybridization analysis and molecular cloning. Total DNA, extracted from a dysplastic lingual lesion taken at 8 days after excisional wounding and from untreated hamster tissue, was analysed by Southern blot hybridization according to methods previously described . Briefly, each 2 µg sample of extracted DNA was digested with one of 15 restriction enzymes, and digested DNA was electrophoresed on a 1 % agarose gel at 30 V for 24 h. Sizefractionated DNA was then transferred to a nitrocellulose membrane and cross-linked by UV irradiation at 120 mJ\cm#. Hybridization was performed under low stringency conditions at 40 mC with a mixture of $#P-labelled human papillomavirus 1 (HPV-1) and HPV-5 DNA clones.
[HPV-1 and HPV-5 kindly supplied by P. Howley, Harvard Medical School, Boston, Mass., USA (through the Japanese Cancer Resources Bank) and G. Orth, Institut Pasteur, Paris, France, respectively.] The membrane was washed under low stringency conditions and exposed to X-ray film.
For molecular cloning of the viral genome, extracted DNA digested with a single-cut restriction enzyme (determined in the Southern blot hybridization analysis) was electrophoresed on a 1 % agarose gel. The 7-8 kb fragment was then removed, eluted and purified. Purified DNA (100 ng) was ligated with pBluescript KS(j) which was then digested with the single-cut enzyme and transformed into Escherichia coli JM109. Small-scale preparation of plasmid DNA was performed on the resultant colonies.
DNA sequencing of the complete genome. Subfragments of the cloned papillomavirus genome generated with AvaI, BamHI, EcoRI, EcoRV, HincII, HindIII or PstI were subcloned into vectors pUC19 or pBluescript KS(j). These subfragments were generated to overlap and data compiled by sequencing individual subfragments on both strands. Primers were used that recognized vector sequences and partial sequences of the subfragments. Cloning of a novel hamster oral papillomavirus Cloning of a novel hamster oral papillomavirus PCR. Total DNA, extracted from a dysplastic lingual lesion and from untreated hamster tissues, was also analysed by PCR using a pair of primers based on the viral genome sequence determined above.
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Results
Histological features of dysplastic lesions
The histological changes in lingual lesions were the same as previously reported (Maeda & Kameyama, 1985) . The tongue wounds were covered with squamous epithelium in which a localized dysplastic change, 1 mm in size, was found ( Fig. 1 ). This dysplastic change was characterized by disorganized stratification, koilocytotic changes, cellular and nuclear pleomorphism and perinuclear aggregation of hyaline material.
Southern blot hybridization analysis
Using the cloned DNA of HPV-1 and HPV-5 as probes we detected hybridized bands in the undigested and digested DNA extracted from the dysplastic lesions. It appeared that this genome was present as an episomal form. A supercoiled circular form (I) of genome was digested into a linear form (III) with a probable single-cut restriction enzyme, such as BglII, KpnI, SmaI and SphI. The genome seemed to be present as concatameric supercoiled forms because a monomeric supercoiled form ran faster than a linear form in agarose gels (40 mM Tris-acetate, 2 mM EDTA, pH 7n8). AvaI, BamHI, BglII, EcoRI, EcoRV, HincII, HindIII, KpnI, PstI, SacI, SalI, SmaI, SphI and XbaI, respectively. The restriction-fragment patterns generated from the extracted genomic DNA were completely different from those of other rodent papillomaviruses, Mastomys natalensis papillomavirus (MnPV) (Mu$ ller & Gissmann, 1978 ; Amtmann et al., 1984 ; Tan et al., 1994) and Micromys minutus papillomavirus (MmPV) (O'Banion et al., 1988) , and that of hamster papovavirus (HaPV), which is now known to be a member of the Polyomaviridae (Scherneck et al., 1984) (Fig. 2A) .
Molecular cloning
Using a KpnI site, we tried to clone the complete viral genome. After transformation of E. coli with ligated DNA, Southern blot analysis revealed that only one of 96 transformant colonies had a restriction pattern identical to that of the papillomavirus genome in the dysplastic lesion. Further blot analysis, on the purified DNA fragment of this clone, resulted in the same restriction pattern with intensified signals (Fig. 2B) .
Sequence analysis and general features of the complete genome
To confirm that this clone was the genome of a papillomavirus, we initially analysed the sequence near the pBluescript KS(j) cloning site in accordance with standard procedures using sequence primers for M13-related vectors. We obtained BAIJ T. Iwasaki and others T. Iwasaki and others Cloning of a novel hamster oral papillomavirus Cloning of a novel hamster oral papillomavirus Fig. 4 . Open reading frames (ORFs) of HOPV : all the major reading frames were identified on one strand. Contiguous bars represent stop codons. No significant ORFs were found on the complementary strand (data not shown). a sequence of about 450 bases in length. By PCR on the DNA extracted from the original sample, using a primer pair based on the obtained sequence, we obtained an amplified product covering the KpnI cloning site with a sequence completely identical to that of the cloned DNA. Thus, we were confident that we could clone the whole viral genome into the vector without missing any small fragments. Next, we determined the whole sequence. The complete nucleotide sequence of the viral genome (Fig. 3) consists of 7647 bp with a GjC content of 46n6 %. This size is similar to that of MnPV (7687 bp). The genome has open reading frames (ORFs) on one strand showing the usual order : ORFs E6, E7, E1, E2, L2 and L1 (Fig. 4, Table 1 ). ORF E2 contains the small ORF E4. ORF E5 is missing. The first ATG of ORF E6 is defined as position 101 for comparison with other published papillomavirus sequences. The outstanding feature of this genome is that ORF E7 has a larger coding sequence than that of ORF E6. However, if ORF E7 uses a second ATG codon for translation, the product of ORF E7 becomes smaller than that of ORF E6.
Analysis of untreated and DMBA-treated hamsters
Next, we examined the tongues of hamsters, with and without DMBA application and excisional wounding, for the presence of hamster oral papillomavirus (HOPV). Southern blot hybridization analysis using the HOPV DNA as probe did not detect endogenous HOPV in normal lingual tissues obtained from three untreated hamsters. By contrast, all three dysplastic lingual lesions arising after DMBA application and excisional wounding contained viral DNA with the same PstI restriction pattern (Fig. 5) . Untreated hamster tissues were further studied by PCR using a pair of primers based on the sequence of ORF L1 : 5h GGAGACTCAGGGGACTTGAA-IP: 54.70.40.11
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T. Iwasaki and others T. Iwasaki and others Fig. 5 . Southern blot hybridization analysis of untreated and dysplastic lingual mucosa after PstI digestion of DNA extracted from lingual mucosa of three untreated hamsters (lanes 1-3) and from three dysplastic lesions (lanes 4-6) ; hybridization analysis was performed using the HOPV DNA as probe at 20 mC. The prototype sample is shown in lane 7. The doublets (3n7 and 3n6 kb) of PstI-digested HOPV genome were observed in the samples of the three dysplastic lesions and that of the prototype. The small PstI fragment (308 bp) was not visible.
ATAGGACGT 3h (nt 5932-5960) and 5h GACCATCACTG-GATAGTAGGGATCCACT 3h (nt 6534-6561). Using this pair of primers we amplified a product of the expected size from DNA extracted from the tongues and skin of untreated hamsters.
Discussion
In this study we cloned a novel papillomavirus genome from a dysplastic lesion of hamster lingual mucosa that had been induced by application of DMBA and physical wounding. The lesions showed evidence of pathognomonic changes indicative of papillomavirus infection, such as koilocytosis, detection of GSA and the presence of papillomavirus-like particles.
The cloned genome is different from those of other rodent papillomaviruses, MmPV and MnPV, and also from previously sequenced animal and human papillomavirus genomes. The genome was confirmed by complete sequence analysis to be a novel papillomavirus which we designated hamster oral papillomavirus (HOPV). Computer-assisted phylogenetic analysis of HOPV showed differing homology with other papillomaviruses in different regions of the genomes. The amino acid sequence of HOPV E6 has 39n1 % identity with E6 of MmPV and MnPV. The amino acid sequence of E7 has high identity (81n6 %) with that of HPV-10 (which is found in verruca plana skin lesions). The amino acid sequence of HOPV L1 was close to those of HPV-12 (68n7 %), HPV-8 (62n6 %) and HPV-5 (62n4 %). Interestingly, these three HPVs are all associated with epidermodysplasia verruciformis.
From these results it is difficult to localize HOPV precisely in a papillomavirus phylogenetic tree ; however, it is apparent that HOPV is close to the papillomaviruses involved in cutaneous neoplasia.
HOPV infection is different from those of MnPV and MmPV, in which endogenous viral genomes in an episomal form are detectable by Southern blot hybridization (Amtmann et al., 1984) . In untreated hamsters, tongue tissues have very small amounts of HOPV DNA, which is detectable only by PCR analysis. Endogenous MnPV was shown to be activated by the tumour promoter 12-O-tetradecanoylphorbol 13acetate (TPA) (Amtmann et al., 1984) or by physical manipulation (Siegsmund et al., 1991) , and to induce benign and malignant epidermal proliferation. However, with HOPV infection, malignant and dysplastic lesions could not be induced by either application of carcinogen or physical manipulation alone (Maeda & Kameyama, 1985) . The combination of DMBA application and excisional wounding was necessary to produce these lingual lesions.
Although further studies are required to clarify the origin and timing of HOPV infection during the process of carcinogenesis induced by DMBA application and excisional wounding, mucosal infection with HOPV has potential as a model for analysis of the interaction between papillomavirus infection, chemical carcinogens and physical irritations. To understand the roles of the different viral genes and their interaction with host and environmental factors in papillomavirus-associated oncogenesis, information gained from experiments with animals will be valuable. The animal model should ideally be a small and affordable laboratory species or a nonhuman primate (Brandsma, 1994) .
At present, cottontail rabbit papillomavirus (CRPV) infection in cottontail and domestic rabbits is considered to be the best animal model for investigating acute infection of papillomavirus (wart formation) and invasive and metastatic carcinoma (Wettstein, 1987) . In this model at least 6 months are required for development of malignant lesions of the skin, a process which occurs in 23-66 % of infected lesions without promotion by a chemical carcinogen. Application of a chemical carcinogen increases the percentage of malignant conversion and shortens the latency period of the virus (Wettstein, 1987) . In experimental infection with HOPV, dysplastic and malignant lesions are induced in the mucosa, in contrast to the cutaneous infection by CRPV. This malignant conversion of mucosa exposed to chemical carcinogen and physical wounding is observed within a short period (10 weeks) in almost all treated hamsters (Maeda & Kameyama, 1985) . Therefore, HOPV infection appears to be a good model for the study of mucosal carcinogenesis associated with papillomavirus infection and for studies on vaccine prophylaxis and the prevention or treatment of malignant conversion.
We intend to analyse the effects on oncogenesis of immunization with virus-like particles composed of HOPV L1 protein produced in insect cells. Immunological protection against papillomavirus may counteract the effects of chemical carcinogen and physical wounding. With this model it will also be possible to investigate the infectivity of endogenous and exogenous virus in a short period of time and also determine the persistence (and disappearance) of episomal viral genomes in lesions with malignant conversion.
